Plants use light as a source of both energy and information about their environment. One of the ways they use the information is to adjust their development to suit prevailing light conditions. Perhaps the most striking example of this plasticity comes from dicotyledonous seedlings, which adopt different developmental programs when grown in light or darkness. Light-grown seedlings undergo photomorphogenesis, developing short hypocotyls, open and expanded cotyledons, and photosynthetically active chloroplasts; many mRNAs are also specifically induced by light. Dark-grown seedlings, by contrast, follow skotomorphogenesis, developing elongated hypocotyls, closed and unexpanded cotyledons, and non-photosynthetic etioplasts.
These striking morphological differences allow ready identification of mutants that aberrantly undergo photomorphogenesis in the dark, and a number have been isolated. Mutations at eleven loci in Arabidopsis, variously known as det (de-etiolated) or cop (constitutive photomorphogenic), have been reported to result in this phenotype. As all the mutations are recessive, it is proposed that the corresponding wild-type gene products normally act to repress photomorphogenesis in the dark [1] . Support for this hypothesis comes from the recent finding that overexpression of wild-type COP1 in transgenic Arabidopsis results in partial suppression of photomorphogenesis in the light in a dosage-dependent manner [2] , and from molecular analyses of the COP1 and DET1 loci.
The COP1, COP9, FUS6/COP11 and DET1 loci have been cloned [1, 3, 4] , and although only COP1 has significant homology with other proteins, the sequences predicted for both the COP1 and the DET1 proteins have nuclear localization signals, and hybrid proteins made by fusing DET1 or COP1 to the GUS reporter gene are localized to the nucleus (see below) [4, 5] . The COP1 sequence also has an amino-terminal 'ring finger' zinc-binding motif, a coiled-coil domain and 'WD-40 repeats' that are homologous to the 13 subunits of heterotrimeric G proteins; it bears significant homology to the TAF 1 i80 subunit of Drosophila transcription factor TFIID in all but the zinc-binding domain. COP1 may therefore interact directly with DNA (although neither COP1 or DET1 has yet been shown to bind DNA), and it has been proposed that the COP and DET proteins participate directly in pathways that transduce light signals [1, 4, 6, 7] .
Mutations at six of the det/cop loci have pleiotropic phenotypes, however. Strong alleles lead to the accumulation of anthocyanin pigments in the cotyledons starting early in embryogenesis, and to adult lethality. This phenotype is characteristic of a second class of mutations calledfusca (from the latin for 'dark purple'), and all six pleiotropic det/cop loci were independently isolated in a screen forfusca mutants (out of a total of 14 knownfusca loci) [3] . Moreover, constitutive photomorphogenesis is one of the phenotypes of ample mutants of Arabidopsis, which have elevated cytokinin levels [8], and detl was phenocopied by treating dark-grown wild-type seedlings with cytokinins [6] . As detl and det2 were found to have altered responses to (but normal amounts of) cytokinins, it was proposed that the wild-type DET gene products might link the light and cytokinin signal transduction pathways [6] . Another complication is that det/ cop mutants retain some aspects of light regulation; for 
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example, in all but detl mutants, seed germination is controlled by phytochrome, and light-grown detl plants show light-regulated gene expression following dark adaptation, whereas copl and cop9 mutants do not [9] . Because of these pleiotropic phenotypes, it has been proposed that the DET and COP gene products perform global regulatory functions, and that their absence affects photomorphogenesis as part of a general defect in development, rather than a specific defect in light perception [3] . These various hypotheses are illustrated in Figure 1 .
A recent study may place COP1 directly on light signal transduction pathways [5] . The study grew out of attempts to determine how COP1 could be inactivated by light. No differences in the amount of COP1 transcript or protein product were detected in light-and darkgrown Arabidopsis seedlings [1, 5] . von Arnim and Deng [5] therefore chose to look for differential intracellular localization, influenced by the recent finding that G-box-binding factors in parsley cells are specifically transported into the nucleus in response to light [10] , and by the knowledge that all the plant photoreceptors and light signal transduction intermediates that have been identified to date are cytoplasmic [5] . They introduced constructs designed to express GUS-COP1 fusion proteins into onion bulb cells by biolistic delivery, and then determined the intracellular localization of these proteins by histochemical staining for GUS activity in cells kept either in the light or in the dark. About 25 % of cells that were kept in the dark showed nuclear enrichment of the fusion protein, whereas in cells kept in the light it had an exclusively cytoplasmic localization. The authors obtained similar results with Arabidopsis plants stably transformed with the same fusion proteins by means of Agrobacterium-mediated transformation, although quantitative data were not provided [5] . Moreover, the GUS-COP1 fusions became-cytoplasmically localized upon shifting dark-grown plants to the light, and were nuclear-localized upon shifting lightgrown plants to the dark, although this change in localization took 12 hours to be detected and 36 hours to reach a plateau.
In keeping with a possible role for COP1 as a repressor of photomorphogenesis, GUS-COP1 fusion proteins remained in the nucleus at all times in root cells (which do not undergo photomorphogenesis). Preliminary immunocytochemical data obtained using protoplasts prepared from light-and dark-grown cells indicate that endogenous COP1 shows a similar light-regulated differential intracellular distribution to that of GUS-COP1 fusion proteins; von Arnim and Deng [5] interpret these data as showing that cell-type-specific regulation of COP1 localization provides the means by which COP1 is inactivated by light, and the model they propose for COPl-mediated regulation of photomorphogenesis is illustrated in Figure 2. A further development is their recent [11] isolation of a protein, COPl-interactive protein 1 (CIP1), which interacts with the coiled-coil domain of COP1. CIP1 was shown by immunofluorescence to be associated with a . In dark-grown seedlings, COP1 is localized to the nucleus, where it represses photomorphogenesis. Upon perception of light by a photoreceptor, COP1 is removed from the nucleus, allowing photomorphogenesis to proceed. When the cell is returned to the dark, COP1 returns to the nucleus, again repressing photomorphogenesis.
cytoskeletal structure that is present in protoplasts prepared from hypocotyl and cotyledon cells, but not in those from root cells. This protein may therefore be involved in mediating the differential localization of COP1 in response to light.
These results provide a potential mechanism for the inactivation of COP1 in response to light. An outstanding question is whether this migration out of the nucleus in response to light is a symptom or a cause of the lightinactivation of COP1. If it is the cause, the kinetics are difficult to reconcile with COPI acting as a direct repressor of photomorphogenesis: it took 12 hours to detect any movement of the GUS-COP1 fusion protein out of the nucleus, yet, as the authors note, light-stimulated membrane depolarization can be detected within seconds, and changes in hypocotyl elongation and in gene expression can be detected within minutes [5] . One possible explanation is that the GUS-COP1 fusion protein behaved aberrantly because of its much larger size. Although this might cast a shadow of doubt over the methodology, the GUS-COP1 fusion protein apparently had COP1 activity: the transgenic plants had phenotypes resembling those of plants overexpressing COP1; the GUS-COP1 fusion can revert copl mutations; and preliminary immunocytochemical data support the differential intracellular distribution of endogenous COP1 in light-and dark-grown cells [5] . An alternative explanation is that COP1 might first be inactivated and then diffuse out of the nucleus, once it no longer interacts with its targets. If this is the case, the nature of the lightinduced inactivation remains to be determined.
One of the strong points of these recent studies [5, 11] is that they provide a number of testable hypotheses. For example, the model predicts that mutated proteins unable to enter the nucleus should have a cop phenotype, whereas proteins unable to either exit the nucleus or be retained in the cytoplasm might have the same phenotype as COP1 overexpressers. Similarly, the model predicts a light-induced modification in either COP1 itself or a protein interacting with COP1; it will be interesting in this light to see whether the interaction between COP1 and CIP1 can be demonstrated to occur in vivo. The studies also raise the question of whether other COP and DET gene products show similar modes of regulation -particularly DET1, as it has also been demonstrated to be localized to the nucleus [4].
The ways in which COP and DET gene products act to repress photomorphogenesis remain to be determined, as does the light signal transduction chain that results in their inactivation. However, these recent studies [5, 11] provide novel insights into the regulation of plant photomorphogenesis by light, and we can be sure that future studies of the COP and DET genes will generate a stream of similarly exciting results. 
